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SECTION 1.

Infroductioh.

The 1nc1u°10n of a saction on 1actor analysis in a ‘ h
\ . //
monobraph desibned to raview the 1iterature on/alscrimi-

I
9

natory analysis may requ*re explanation.- I*‘}eema apparent

ﬁthaf ueehnicua,as closely velated to the ueﬁtrai problem
< L . \ i

3io* el és sifi ‘cation as ?actor analysis ﬁould ent&r into ‘the
v.survey but the decisicn to devote a. section to ! it was}aaéed

mainly on’ two gonsiderations. One is_.ﬁe very,h&despreﬁa S

%
intexest in the subjech whlch Hés reflecte& it#elr in the

N \
C euormous amount of 1iterature in which the vaﬁéous authbrs

7 g N o
,have been concerned.wifh manv q1ziereﬁt asﬁccés of facy S

1l : (L.

analysis and its “elauzons tq othewlstacistical taehniquea.-m "

"‘QThe second réasﬁn rnlatas to}the reseaﬂch phaae of“thﬂ pro-»

,l‘ i -
."jeek. - We fuﬂﬂd that in a %reat many @ases, the pbpulatio

I

e in which we will be interested have bqan analyzed by ‘the
factor method. Iv seemed" felevant then to make more than a ;
jcursurj survey of th f1eld, jy - - ! L Y
However, because factor pnalyeis is aubsidiary to - uhe |

main subject of this report and bec&use the material ie

readilv accegsible and wall- documenbed, a somewhat different .

plan has been adopted for this Jectlon. No attempt has besn

;\:
’\f*mada to present a- coﬁpleta bibliography\since this would mean,- .

|Iz

Momror ATt -
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s ok




{5;-fare-excell=nt ‘toxts end surv ey erticles wh‘ch summari&e and

the recenuly started periodical, tye'Britisﬁ Journal of v . -

L f A . A
quychology--%tatistica beotion, ;ae a definite policy of e ji'f%
pr ﬁting eXpo ry papers desi*ned for” the nen-expertﬁinr; ‘ (;;Thfggwi_d

. i
- Bibliogrephies: Dodd (1928), gwinefopd and ‘olzingep (19j5

j fication ‘afiter the pertinent discussion.' Also, einee fhere

i compare the existing cechniques, anc since a complete dis=-

PR e y

a duplication of ¢xisting lists [Dodd (1928), Wolfle (1940)
and Swineford and Holzinger (1936.on)]. The_pepene given in
the bibliogrephy have been classified accOrd&ng;to their main

point of interest end are listed with referenoe to thils classi-

cussion would be impractical, we were concerned with giving
& picture of the basic problem and then brie;ly sketching in S

 the developments.' The stress pleced up rbe guest ions‘which 7 S

/

' are ‘to be anewered by factor analysis differs from thet found o f:i;i;:
in psycholoﬁical discussions eince .the notivation is quite

) )
different.r In this connection, 1t should bes mentioned that

W

i 8 field. There have been excellent art*cles on.factor analy-

eis and its relations to varicus. bOpiCS.. T
o Inwould line to thank Professer~J.flt qa&géé;uqrg and :-‘ o b -
Pnoéeesor E.'L. Lehmann for the ir ver y great help inutne'prepa-““if;’: ;) :
fation of this” seﬂtion. co ?_" . - i;” ) . ” :iA" -ég

v

; on), Wolfle (1540). , ‘ ‘

Tefts: Brown and Thonson (1940), Burt (lQhO ) Holzinger and
: Harman l9ul Kelley (1928 1935) , Spearman (1927), : E
fhomson (lshﬂa), Thorndike, E. L. (1913), Thurstone ‘i i
(1935, 19&7)@ : L :;ix N ;iV B ,t . 4
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19),6), Wolfle (1940).°
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Survey arﬁidles: Bartlets (1937); Burt (1949a, b), dong§d 

(1%@‘), Cureton (1939), Darmois (1940), Hartog et al

',!7.(‘1936% Holzinger (.1930, 1942, 19@”’ Irw:.n (19[,_’-;&. b
Line (1933), Plagito (1933e), Thonson (1938s, 111939,
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SECTION 2.

: Origin-gg Factor Analysis,

“The starting point of any stream‘df_thoughtris always

W

poorly defined but we have selected the.tWO'situations which

seem to have b;ven definite Porﬂulations to the motives and .

l( \

meuhods‘gf factor aralvs[\} one npeceding the terminobogy ”_f
RN : S -

noy emplo&ed. ,ne‘> her, a catalytic agent., We' have des-,

crloed thek in some detail’ because they g*ve &n answer To the

\
question ofﬁ\é asked, ‘Vhy do peonle factoro" and LAre sug-

Eestive of th lines of thou&ht which faq&or anaLVsus have)

‘ o \\ = ® l B ‘1’1‘5 S
. . . I L \\' : N L . R “w'
R ¥ .

fOllOWedn:~‘* R L i
) B o - “ e
Th?_*lr“t siuvatlon was one of - practlcal importance. )

\ gl

The Cent ral Vetric Ofyxde, New ucotland Yard- wes. faced,with

the problem of constructing s filing system Whlch would per-

\ . \. . \ X/

mit ready classifica**vn and 3dep+{f1cation of” criminals on

.. "

th° basis of *heir nhysioq* measurpments, The system of

//
megsureq fpﬂtativplg adopted was that of jertillon and con-

sisted in twelve measures ecn gach indlvidu81, The proeeduré

followed@nan to divide e&ch mbasure into three ¢lasses, amall,
nedium and lav 58y S0 that e¢ch cless c0ﬁtained anpro#imatﬁlvn
lenual nunoers of iIndividuszls. 'hls meant that each individual
wquld fall 1nto one. of 3 2 cabeborlns when all bwelvn measuses

were con31dered, and it wag their hope that each of these

oy



ot

categories would contain approximately equalrnumbers. Actu-
ally; of course, this did not happen and the Centfal Office
then used the praCVical expedient of breakino up sach of the
thres lels’OHS small, medium, iqrbe oi one measure, say knee
;w-‘“— .. height into three subdiviaions formed by such values of a;'
second meesure, say stature, so that there are approximately

equal numbe“s in each of ‘the SLbdivisions. This means'tnet

- i

for statu;e the diVision p01nt ,5r small knee ‘height are not |
;i,ir rh%~; necessgrily the same as the diV1sion p01nts for large knee
o heightse If this method is continued by‘breaking up sach of
these nine - subdivisions into tﬁree parts forma@ by such values,“”f

of a tnird measuve, Say cubit; ‘80 tbat there are approximatelyo?itmmf”-
;E i ' } eQue1 numb°rs, ﬁnd so on until .all. twelve measureu ‘hdave bBeen - T
tl; BE accounted fer, oue arrives"et‘the boal fR%aving approx1mat¥ )
| equal numbers i% e&ch of LhP 3 cate Qries. However, practi- . " 1
o cal asg; the meth[d may be 1t leates a %reat deal to Be desired
'm«' iﬂ mheorgtically.f Galton, who was formjlatin his idcas on corre-
/o "“ii e lation at thlsltime, became iﬁterested in the. problem and -

Conlr

o pointed out that fre measures were -not 1ndependent end there- = |
“ i -k ™~

fore that one could not. hOpe for equal. numbers in- their first | ;,_
Wi 4 .

L. ] I hat herose‘veu measurements be "trans~
o |I
Fa 3 o muted" Into a set of independent meesvnes and shbbeSued the
method of transformation which is now known asg, simple Qr une-
welghted summation in factor analysis terminolog,ye We find,
also, in Galton's papers the suggestioﬁ that correlztions may
be regareed as being partly due to comnon - causes and that ':;‘%>‘ “ 7*71

P e e g
g when there aro several unobservable causes the resulting
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fVariuuiOu may be re@arded as the sum of *the separate contpi-
-butions. ~Edgew>rth and Karl Pearson becare Interested in the
'_problem and the solution by means of "prircipal axes" better
" known now as thc methodof nrincipal components, was given by

' Pearson in 1901a$

nt fo translate this problem *nto the

flalt seemsﬂr 1e
:ﬁ;tefminologv cf factor“analyBis.W

. of the. wcrk in Pactor apamyﬂis hasg oeen done 1n psychology

~ \)\ .

and pducatign,and that. thevefore. the ]anﬁuaLe used is mor

i A
Fmequenfly ‘g word has
’I Va

and stauisths.

directly applicable to these fields.

8 differeﬂt connotatinn in matneﬂ“tics

,Fon
O .

One~should rcmember‘tbat-most !

simplicity, let us consider only three

of therﬁertuulon L

measures. say.- stature, -eubity and knea height.

In tﬂlS example,'

the popuJation in. which we ‘are intcrested is BritiSﬁ crlminals

\.

“and the bgﬁtery of te@ts is *he'

T

@et of* th"ee measuremekvs

which are go bc made either on Q&ch individual of the poLu-}"

1ation,or on ¢

Y

inaividual in e aample of 1ndividu als se-

‘hus;tcst~iéﬁg§gﬁ

. ‘]ected from the bopulation of cﬂiminals.'

here ac the generlc name for any me&surable quant¢ty.

Now

isuppose ‘that We measure each criminal in GreaL Bpitain 1n the
_year 1880 with respecﬁ"to stature, cubit, and knee heibht.\'
Then” these mecsures -are known =g ihe tesdt scoreb or uhe bcores.
Jtham is the score of individual A on. the test "staLure" would
in'this case ba_the,heiénu'of A "he sTores are stacistical~
variables und wi]l ordinarily be co”relmtedg

.we would be surpri%nd indeed if the leng th of a man's arm from”

- ‘the eloow to the end of the middle finber were not related to -

In fhis instance,,-

1
[

'

o

s

R T T

“F

i




the lenbth of his lgb from the knee to the Lround. It secma
, v -
inevitable nhat one should Yook thgn for the reason that a

;,taller man, say, shou1d have bqth 1onber legs and lonber arms.

' minable.-

Jthe scsres themselven.
~-lation W
_these reasons as statis

. scgre out, unfortunafelv, a score wh;cn is. non“directly deter-

the amount. of" any factor whicn an Lndividval possebse§ 1% his -

It alqo seems plauisible that if we can find tris reason orp &

:'common c&uss, that 1t will have mure stable pronerties than

3ut stt as it 1 possible to t1ke

more than one measure of lenbth on an iudividual, ve must ad-

mit- the. pqssibiljty of more. than onég’ reaqon for the cprre-’

v di e - D )
I - : z
LCH observe. ~$§9 ext step consis 8 1n visuallzing

/ o T T T T Ll e T T e

ic 1c91 varlab es, fhat is, we thin

/ - IR

them =X:! h'pothetical tests for which eac individual has !

of

The simplest assumptlon that can be made, “and LQS

y

N

that does nou seem too unreasnnable, 1s- that the obqerved

i e -

qcere is simply the 3un of tbe hypothet*cal SCOTS».” How ver,i -
"cls .Lntui bi lf t“lat cau“e._s Wi'}}_ rla_v j_ fe é‘int ln_"
_fluences on diffeﬂ nt tBQtS and one. 1s led. tneref ftoi-

g,

considcr a weightep rather than an unwei&hted sum.  In facﬁor...,_'

analysiq terminoloby, the hypot etical tests are the fuctors.
i -

factor séore for rhat factor and, fianly, the ‘weights whihh

\

we' aLtach to “the +dcfors 1n tbe', ﬂmation are the f&ctor

‘loadinfs.

gll tests.

. . }
To raturn to our: ‘example, we might Hostulatc the cx~

istencc of a single factor, say,-a

size f&CuOP- Lhis Would

\ 1

'be bercd a bener'=1 factor since it has non-gero loadin f

it our uvpothes;s were truc, perfect corpral

By - o
Nl . . v eEl B e N L

|

[
B

B L T

o
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) like a pancilﬁof poinjs.J Again, we may disuard this hypothe-‘

-

P, S
: 1

-
L

‘would exist since stature. cubit add knee 1ength would &ll bb
proportional to the - size factcr. This; howevar,}iﬂ not true

bLt it may be that tho qepartures from pqrfect pﬁobortional-xf
9' I' I'
ity are due to chance acceleration or retardat*on of the

-
& A,

grcwth mechanism- Lhat i8, we could think o? each of our

sccre& as bexng composéd of a “true fao or scere" plus an

~amount - due LQ ohance fluctuations. The latter is known as - -

the error factor. 1r we think of The scores of_eao% indinAf-;_,m;lhfi o
Y e
vidnal as representlng & point ina three-Q1 p; onal-spac 8,
kkkkkkkkk o B " —:@* .,__r.f
this\rirst hypothesis wodld mean th¢t~all of fﬁé points would - e

——

lie eﬁaauly on 8 straignt line[in this spaca while the °ecoﬂd o  1‘.¥'4,

woul@/assx\e a- scatterirg of paints about the Llne, rather

¥ e scatter. Wu may then posﬁulat aééo"s with or with-~

E! d - 1 - -A - ‘ 3' i
_______ ~ Wi oot L
qut an error factoraﬂ If “eTther of bk Se asaum@tions ats CGr':*] f;
=7 . Lo

|

|
hect, the points would spread out/on a plane or cluster about

- i @
i ’ 2%

|
. p‘ana 1n a wa’er~llke arrangements- TIf t?e second factor ,
i | —

Lad non—zero loadinés in at least two ox’cne ests 1* w0L1d

NI

be callad a common factor.

A common. factor that hag non-zero loadings in all tests

J, /4 o ﬁ‘

is usua11v termed a genaral factor.‘“ﬂowever if our secdnd R .
factor has only one non—zero loading 1t would be called a ‘*\ ..{
specific Pactor, The psycaologist mdkes & distinction between |

the SPaeifﬁc factor and the error IactOﬂ on one hand and be-
f
_t~~ sri the soeciric factor and ths common factor on the other.

ol r

Conaider the™ case ef a battery /r three tests, en arithmetic -




é | ' test, a langn&ge test anﬂ'a form-recognition tast. Thetex--

nerimenuer believes that there is a certain haslc ability. o '-,JL

¥

L ‘which will operate no matter which tesn we coneider. The

fore, he pOSbulatBS a 5eneral factor, sey 8an inte igence _

: facto r. But’ hq.believes that there is another ability con-ﬁ_!h{; o ﬁ

ém . | - Wnecte with mm b ra and now much or how: little of thls 8= S

// I | }
n

V;F bility i dividusl has will nOu affe his scors on eithar

SRS A _the language “or kn e formmrecegnition—teetse: 8imilarly,- _he il

=—-~"~ - feels that-there-is a;—abili+“4uhich comes— nﬁc use\gnuthea1 e

. 1 - - - |
- "ff“‘*lan@ﬁﬁgé”teet bﬁt: ’t—on the other two, likewise W] th re- 7"7~ ————— ——
_spect to the form~roco5nition test. Al=o; he is awere, of "

g - evrir e g “

'YneffEctﬂunat tue scores ‘her observes _are subject to random

ﬁﬁrors, Bay from judgmenf in scoring, -a momentary distraction
2 I

of an. individual While taking the test, etc.. Foﬁ’his analy- ,ﬂ-" i

=.Q;T:L;“i? ' sis. then. he_wo would _postulate- that the arithmetic score is;f}_ﬁ«e R

it - —u - S,
e ; 1
e K . o

S

Fomnosed of an intelligence factor score (general.f&ctor)

pluswa-number factor ecore‘(specific factor).plu= an error R
_ -ector score, the lenguage score qquale .an intelligence fac- ;«

o o 'torfse;rev(general faator) ulns a!woro*iluencv score (sneci- ” I oL
Lol "fi* f55tor) plus an error iéor é"nnu 1astly the form- |
” - R recognition score equals an intellisence factor szor (generel

factor) plus a visualizing faotor’score (specific factor) pluS'

xl

R an error factor score. : : }f '-F”

freedom--if we havs the =cores.on each of the bhree teets for
te“ individuals. there will be|3O eg uations but wa have postu—
latsd one genegai ‘plus three speclific plus 30 error factors or

e




S . 3l varlables. In the theory builﬁ upon :the hypothesis that S
‘ aach test contains a specific factgrl lt hasg been f”und that ’ :
one can.lsolete the.general andjcoﬁmon factors hht that one CY
) 7 cannot separats the specific factor from the error factor;:ihé L
. }”;‘ - main concern of the psychologist hssibeen with conhon factorsﬂav

| since he*is interested ih,ﬁiﬁﬁigglne% abilities or factors” ?' - i

Il . .
rather than in discovering'all the oilities present tn a

Rt S givsn tsst. The last vhase of factor anelysis is concerned e,
TTOUTTT e wigh @iviné*psychologicsl significance to the factors extr: tn,;' o

LT T T T ed.. There_has oeenlmuch discus ton as to—whethe - factors. sré : -

jl:::;~——4-%%;¥l—'prlmsrlly mstnenatihal artifacts or, yhether they represent ,

‘ﬂqthe ultimate and basic mental abilities or. whethern they lie .- " .
|| ) . o ;
somewhe*e between the two. extremes." Most psychologists be- .

N

1on5 to the\middlebof t 18 road school and emphasize the ex-;~=

R ploratory nature . of the technique.b%;, S \&: e
e S i

R “gfif L lmc- urn to. the historv of factor analysis, after Sy

\

. N
Galton, the next 31gnificant development in the thought pat- S e
e \, e i
tern was due to Spearman 190L). Spearman was the first to 1
1otics that .wheon one deals w :hftha 1ntercorrelstions between

S many variables and arranges them in- the femiliar mstriy pnt- -

e =
¢
]

tern, then the coafficients 1n any two colamns tend to have\

it . - Y]
B \
\

a constant ratio throubhout the column Spearman called this

vt e e o A
W

tendency "hierarchical order" and in\erplanatﬂon he Dut forth

|
the hypothssis that all the correlations were- due to a single

factor which is present in every test but in varying degrees.'
In addltion, each test Has a second factor which 13 pcculiar

B e Do _to the tes;,itself.” Th*s hypc+hesis is now xnown as the

- S T EUE T o

)
Tdehr W)




oy

12

theory of two factors, although, in fact, the number of Tactoré

is oﬁe pluS'*hé nuxber of teéts. It is 1nterest1ng in view of

the present quest for meaningful factors that Spearman d931g-
nated the general factor by the letter "z® besause he was re- i
Aluctant to- attach psychologicel signi“icance to it. "

Articles of historical interest~ Edgeworth (1892a, b, 1896),

Galton (1888), Garnett (1920), Pearson (1896a. bs 1901," .H
1
A==L9Q;4=;9;;l;15gggrm§p_4190Lz;,z (1897, 1907l;vj,,,, N S
e T
Co T g
_ 'Ti, - P A ' e e
; }ﬂ, - : |
- R
. ';i“,
Ly ““l!‘"
” ) - .
hY
|
1
S R S

L e LR Gead
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SECTION 3.

: . _Statement of the Problem of Fac tor Analvysis.

] 'l. - » N - ' - B ) » =
i The prame{‘n of factor enalysis is one of analysing a set

. o8lled factors, consistent with certain facts “Q_T;;", o

T FrTand assumpt\\icns- Dot Yy, & =1,72, «eesp beop mamdom Lo

variables whicb ‘have been normalized so that ' - .

e =g = — . -

| , - I E(Yi) - O"f'VE(YiE)- = 1, 1= 1., 2’_:%;.7.."”,..9. Vo
i ' BN ‘ L

- - : B s e

7
RO

LI . and denote the coefficient of correletion between Yi ~and

o I . b . . ' ) . - S £

ﬁj E(Yi 3 » -.1. 2, 'p

[T I P

|
I

|
;
+ ot

© Tt 1s poqtu'lated that _ S e LT e
T o ,m ' _, Mt S ' ’
(1) Yy = ika + 0-' e 1: 20 **ty P, m o= Py -

" " - o k-1

N
o ot e Y

i . . . . g

Y : . = [

j\\ T where ) Xk, N kV:: 1, 2, vee, ]T’. -and 'ai’ i :"1, 2' -assﬁ are ‘ ,,

o b bbbt b ]

variables and the Cq dre constant coefficients. It is fqr-

L -_ ther postulated that ; - L L i

E(X) =Eley) =0, k=1,2, ccrym 121,25, p,

L e B and that ai is uncorrelated with all other variables so
= that T T




T TSI e

(2) E(aiajj = E(a,;X;) = 0 for all valués of i, j and 'k, ‘
o | R S R O A K . ;

: ‘Then, for all "1, J, "1 # j 'z; -

_(_3)'_.'_"' B(Y,?) = 2, cﬁfc

\ k= \ |
3 . I ) ! ) o
i -ﬂ?"__ : " and Ii- 2 s h < . oo ’ ;l T . - o ’T:
. : P - o e

” I T / k=l h=l ‘
T wherer - . 0 T ST s e e
- . 95 =B0x,)° )

~ by = BEE J f‘-

5 [l 2 . ’ , .

- 6 = o

\ v . 7 - 1 E(?’i ) o3 . .

R, /I —*r - ‘}V - ) - lzl‘ Rt ~:7 - - = B ::7 '..'-‘ 1/ - 7. B , .
;? . . It will be coqvenient to use theﬂnrminoloby of ’actop ’ @
. ) J@Aanalysis as defined in the nrecedinb qection. ”hus; the - . H"fg, 'Vﬁﬂ”

- values of Yi are. fhe scores on t“e i th tes», the values '

L u;~jl?ﬁ .. of Xk are the factor scorns on’ the k-tb common factor° the i
. K : wg =Ny "7, o L
values/of ai are the conbined specxfic faoFor 30019 plus i , 'rf“  L

. I
the error chtor score on the i-th test; an#. finally, " ey,
; o+ 1s the factor loading, of the k-th factor in.fhe'i~th test.
; The sum of the sneclflc and error factor i;ngémetime called
the uniqueness factor.
Now consider a random sarplo of n individu&ls_ Vie are

. n - o
e - nowW introduclnb a geCOﬁd source of randomn’ 85. rfAny statement o -

B PR S . X - r

that we make rec, ardin" the camposit;on of Yi is subject to

14




Substituting the sample estimates in (7) and designating the

matrices on the right hand side by R, and RE respectivoly,
‘we have an expreSsipn for R which can be identified with (7),
glving. -

e R

L . » i

= FPP'F' , and

1l

only in the diagonal

R

We notice that - Rl

differs ‘rom

1s called the reduced correlation _

.elenents. The matrix 'R}

matr¢x and its rank 1is equal to the number of common factors

= m. In Dractice, due to the srrons of samplin& the renk of . Rq

X

' 'wi}l;be ol and. one faces thv quegtion of whethur -or: not thv‘ fff}ﬁ

" observed matrix Rl ~can be suﬂ}iciently well approximated bv . ,.g'f

a matrix of 1ower rank m.

A

2 s y, whwcn appears

o L T he quaniity - ¥ _‘% |

in the dlgoonal or the reduced correlation matrix is called

Y -
uhe communaliuy dnd, ‘for each 1, \h 2.
t % _ o O L R .

" Lof the"totel vari&nce (unlty);whzqh";s due to’the common fag-

represents thataparlr IR

weel . tors. | W -
i This may be clea}eriif we conzider again the three measures

on driMinale; Suppasr_thlt we postulate one beneral factor and

‘A for cubit and

error factors. Usin5 H Par stature, K

for xnee heibhh, we have

+ a

R

LN P

P

RPN

i

e
AR

+ a
17
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!
Suppose further that we have the ncrmalized scores of 100
criminals on thede teats {measupres) and that wevcompute the
aemple correlation coefficients, say,
. r =
ﬁ na = *%’
/__ ) 4 I rhl{ = o7 .
- - N s r = e d
i . - - ‘-/Z" i ak LJ-
S .' _ Thefiy . _ LT - B I' ;
o r=Jl1 .8 Y ISR S S,
) - B
4@4, L 5 1 DY 'Y _ -
o e g
L e e ¢ ' : - *{\"
- o Now it is possible that we know sonethin ‘about our errors. -
- //Say that we know = ... - S R o B
. T 61.2.— 02; 1= l) 2, 3. K ”

B =1~.2=.8"1=1,2 3
- and the reduced corrslation matrix would be o S
3 - 2 -
A . Rp= 4.8 +5 7 1~ - i
h 07 . o).{. ) 08 . i
If our hypothesis is true, R; "is of pank 1 which would mean
that every 2-rowed determinant 13 zero which wou1d seem very
_ unliiely in this case, If we now make the hypothesis thatr
J——T e S,
;

From,tbis it follows that the communalities would be 7 'f' ;J” Ew'

o gy




4

a

hope. tq estimate the

and from R

i includes a specific factor for each test, we cannot -even

2
61“_ from other sources.

réduce& matrix 1s still of rank 1 1f our hypothesis is true

we can select the proper 2-rowed determinants

1
, : !
~——40 eatimate hizs ) i '
o 2 L.
ghhl 7}35 X 07"
2 ek x s
and. . _ ’ «’f S
- - o '_ 'Shia = '.LF x '_'.’j" —
Then having determined the values of"tngr'ﬁ's' ffom7thése‘

*‘Athe~priﬁcipg; vod dA v t_

equations we can . substitute them in the ‘matrix R

- we will then go on: to find tbe loading matrix P

& p- dimensional Space.

\\,..

1.
If‘ we' d ecide

a decisipn to accept on reject our. bypothe'sisa

thau the matrix is oP nanx 1 and that the non-zero vaiues of

'of factoring either the correlatian matrix or the reduced

11

5‘correlation matkix are discugsed in the next section.

We may snmmariza the ituatlon 1n henf 1;owing twrmu.—

i =1, 2, °5',’p) of each

Yi g
rded as the coordinates of a point in

Geometrical}ﬁ, the scores

indiv’dr Can

The mathemapical problem of factor

analysiq:consists in selecting:é'new set of axes
Dy whicn:to describe the cémplex Qf points. 1In particular,
the question of dimensionality 13 1lmportant. We would like-
to find the Space of minimum dimensions in wniuh the points,

except for the errors of sampling, may be sald to Iie.

Howsver, the '

aﬁ&‘ﬁiik—e‘z E

are due to sampling errors, :

The methods

P R PO .
o1 refarence

av Sy e
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I SECTION. 4.

Methods of Factoping.

7= . —All the. lethods offactortng_try to transform either the

correlatLon matrix or-the reduced correlation matrix into a

g;f matrix of factor loadlnge whicn satisfactorily reproduces

— = T T ‘u

the data~in some’ senee. Ln mos+ methods,,the aim 1s to re~
] . \\ .

produce the correlations but there is SOme variﬂtion in aims.

The reproduction can.be accomplished in many weye and the ;k

varlowe methods ar&se from disagreement as to hich way 1s
52 : -

—— e T L P

~e) ‘The method of principal ‘axes or principai conponentq‘“~fi*

In 1901 anl Pearson proposed eeeentjally the method that
41Hote111nb favored in hig’ Well-known papor of 1933 on pr*ncin
pal components. Hote]ling's article gives a precise sta-u"

‘tistioal treatment with direct reference o factor anal%sis

'and the sampling theory involved.

In thils nechod, it. 13 ‘assumed that the X's are 1nde-

-~

-pendently and normally ‘dlstributed. The second aesumption is

'made that there are as many,faopope (Hotelling's comporients)
as tests., However, as Hotelllng's procedure 1s an iter&éive-

~one, 1t can be stopped after the extraction of any number of |
comgonente if one deems taet the residual variance ie small

.enough to be dus to Pandom srrors alone, Thevaeeumption~made

: '
- ?L\.-mn-am B |




22

- corresponds to rotasing the ‘rectangulap sxes. ¥y, ey Yo

It s interesting @hat .the appl*cation of other criteria

“  measurement, (ii).th&i linesr Lunct*o; of tne' Y?s* such that

with respect to the a's willl determine whether R or Ry
is to be factorsd. Further, since it is assumed that the
common factors are indepéndent, we havé elther R or Rl
equal‘to the product of a matrix by it$ transpose.
The criteriov 1is that each factor (comnoneﬁis héllrb
80 seTgcted that it will accounf for as 1ap e & parv of the
residual i_n as possible. Geometrically the solution

‘so- that the new cOUrdinate axes lie along tbe principal aye

- of -the- 1lipseidsfcf unifurm density Compacatlonallya thé"f#s==;

solution involves find*ng the roots of the detenminantal

__aquat on IR = AII 05 wﬁere _I 15 the identity m“trin.iw '”i{f'”'“-

/.7'

will éive th- same’ selution. Gi;shick"(1936) ‘showed - that ir -

) - . .
all the tests have‘equal variances of_ gpngrs;Qf;measupeyejtji*fg—

]

then the principal component 1ﬁ (i) that linear func ion of

‘the Y's" which has the least vapiance due to errors of

=

..— the gum. f qaazas o LuU‘chPvL&UIOn Eéﬁween ‘the ‘ﬂﬁ?fjon

i
and each variete 1s a max1mum, (1i1) equivalent to the maxi-

g 24
-mum' 1ikelihood nstims?tes of the'factor loading s. o
The method of prlncipal conmponents has often been at-
tacked by psychologists on“th grounds that there 1s no de-

crease in the number of dfmenszﬂns, that there 1s no provialon

for specific factors and that the components are without psy-

cbologlcdl slgnificance, The first two. obJections were answered

by both E v:,tt:el:'q..’mL and uir#hick‘*n that one need not extract '




" all p factors and that one can faef@ré Ry

by this method

gs well as R. However, the fact remains that the COHponenta

ﬁ do'not'havé psycholooical meaninb in the sense that the 1oaa-

j ings ara not “invariant if other tests be added to &

"Vfgard to the existenea-éf "g"

he battery.

It snoald also be noted that although thporetically uhe method

7

g may be excessive. | :f ’ - S ¥
T I e . i T f' -
LT TR féles on the mﬂthod\of nrinc;pal componéﬁts. Daviﬂ (19g7b),
Girshick (1936), Green (1950), Holzinger’ (19&63). '
Hotglling (1935), Roos (1937): Thomson (193), - 7
; i,
'; b) Speamnan's theory of two faetorso
qearnan's hypotheses of qne general factor ?y" and P n'
'specific gg:iggsriguexpresued‘by 38351ng*' ;%;1 E:d ¥'0.7

kThen iu follows that the reduced correlation mgtrix R must

d e ~s
-

“mbe of rank one and, from thiug/t at~y lf
. . i
D 0 - ks
. Vig Krs 7 Jis P

which 18" the well-lmown tetrad=-difference equatlon.

'hiz of- the communality can then be determined from

oy :  p 2 "
L o g 7 f}s hy” - ;?ri ?si f 0.

There has been disa greement among the psychologlsts with re-

Thomson has shown that the

"hierarch?'of Spearman i84h be fc?med without ths exi3nence ofi
In connection with the- application of ﬁhis:i

a geriepral factor,

The value

_fLA{;iﬂf;J i

N

i e
. .:3 »'N——éz'i-:—
P " .
: o

W

1

L I\

7
[P TR ST

'
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method in practice, the experimenter discards tests from his
'battery until he arrives at a battery whioh satisfies the

! tetrad-difference criterisa, This would seém a pather circu-

laf procéss.
Articles on the two factor theory: Alexaﬁder*(193s), Bartlett

; ‘- fﬂ o (1035), Brown \193u, 1935), bewﬁ aﬁa Stéphenson (1933), -~

__Burt (1909, l?th). Darmois (1 36). Garnett (1933)3
/Garrettkand Anastasi (1932). Girault (1018), Guilford

angd Miohael (l948)ﬁ Holzinger (1920, 194&), ;rwin (1933,“

T e _1935), Line end Heamgn (1933, 1935), Piagglo (19330) 5

Jilson, E. B.~

" 1919, 193u, 1935), Weinberg. (19&5, 1946)
(1928 193@), Wilson, J. H._(1935), Wishart (1933),

S c) Hélztnger's biefactormthepry. R

fthe

/// . for the presence of group factors. Holzingéf divides Hisﬁaatr '

\

i
y r groups,

tery of tests info, say, l’ 02,"'; G 2" 5‘ nd

' .postulates LhaL for any uest i belonginb to. uh, h.=

i 21’ 2’ ”_
inth i j

!.

:p,

i

. y o= -
.n_iJ; ‘ ‘11 lJ 1, 2, sy n,
Gy» ha h«s defincd the B-

for the purposs ol selecting the

o wjﬁi-ﬁg,'vowffluient. the coefficient of belonbln5, wn .ch 1s the ratio
{sxpressed as e per cent) of the average of tﬁg Intercorre-

lations of a subset or group of variables to their average
corrzlation with all remaining variables. A decisive change

i H i
i

CTTRRE w ey -
v
Yy

24 -

Two—factor:thgozywtg allow .. 7

l 2’000

"Speapman 190&, 1933), Stcphenson (1?35), Thomson (1916,4f447 o

I

u_r' li: _J‘ i

—_—




in the Bucoefficient indicates the two tests belon@ to differ-
ent groubs; | - .7 ' : -% ]
We see that m =r + 1, ayy # Qs and. the further as- |
sumption is made that the X's are uncorrelated. Since the
‘matrix. Ry 15 then of rank (pr + 1) all (; ¥ éflfowcd deter~
minacts-muétcbe zero‘and fhe colution'is analcgohs to the

twcsfacﬁof'cne. In using this tcchnique also, the experi-

criteriona

Articles on ‘the b1~ factor theory'> Holzinger (19u6b), Holzinger .

’ - . &and 5wineford (1939, 19h6), Swineford-(lQh? ’ sw;neford
and lolzinger 519&2). Thomscn'(lg38b);f e o

e, . o N
£

egc,-“_ ad)‘ The mult*ple factor method

/

but with no particular insistence on either a &eneral factor
N

;, fw " ; or thc way in which the factors are disuributed within the
“LX!'s are’uncorxeloted. uince g’ spccific f&ctorm*s pcstulatcd, -
i_the reduced correlation matrix, -Rl = FPP'?- = FF‘, since
PPV = I, 1§:factcred The criterion 1s to select the comu-
nalities hiz 50 §ﬁat the rank of Ry namely m, wi;l be a
minimunm. o ‘ _ II' -

The procedure which is mostlwidely.used is Thurstons's

rcentroid method, The first centroid 1s essentially'an aver

habah TNV

.abe of all $estsv1hc1udeq in the average. 'This mnthod s also
the one of the mulfiple fac\oring 1ethods wﬁ*ch seems most

A .. fests. It 1s assumed that O <m-<mnj q,iJ f 0 and that the °

e e e M A a2 e
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can be interpreted either

' Articles ‘on- multiple factor theoryi ™ A

7faie any such claims made for them.

sus¢ceptible to statistical treatment, since theé factors found
as first approximetions to Iotslling!'s
prihcipal components or as correlations betwesn each variable.

and the sum of variables.
ﬂomputation311Y: the centroid method has a great deal to

Pecommoqd 1t It is much easler and faster uhan the method

- of prinéipal components. S _ ' o %

s H
i

Burt

_.'\

lexander- (1935),
S39), Hollay :
tries (1948),

T (1949c. 19508) 5, Clark (1944) 5 cox (19
A (1947). Holzinger (1uuusA19L6aJQ_Je
7 KelTOgg (19&8 P MacCrone end s*arfieid (l9h9)n Roff

(1947)1 Thomson (1938d), Thurstone (1é33, 1938,~1
o 19u9a. b). " ' |

Articles pv communalifieS° Medlandl{19&7ﬁ} Mosief'(l939),‘

“ﬁgﬂ‘l"i Roff (1936), Rosﬁe '1948). R T T

s “u /(:f:_,» B N T . ) o .
9) Oblique factors and simple structure. SR ffy

An objection to uhe factors obtained by the Pﬂeviouw

. methods {3 that tiey have no ps«choloéical significance yor _

Thurstone helieved that.

if the factor 1oadings wnuid remain invariant for any given

ytest when analyzed in different battcri“ﬂ thern the Pactors

% .
i Kl

\WOuld be meaningful.

Thurstone arrived at simple\qtructure by conéidering the

faqior spdce. In this Spacc uac% test can be represented by

a point with coo rdi- ates squal to the loadings of the factors,

-:ngffélt that ifsone»wopld_pgtate the axes until thevresult-




SR o

points representing the p tests and join these points. to
~cut tuese»axtengians
V%ﬁ%<?~<extéhded~yector3”with uht=ﬁiane—W1

/factqrs that Thur

- H £ this pyremid.._

4n5 flgure was in some simple form, the new axes would have

“meaning. In &8 space or three factors, imagine the set.of

-the origin. . New extcnd the vectors- uhlouSh the points and e 7 “é

pJ&ne perperndi uiar to the first

8L

ce1trnid or Iirst factor extracted. ir simnle SLructure ex=

A

Ists :'Ehe tatteﬂn "of "dots. made py the inqeraectionS'cf‘the

’_1
| —ql
Hy
]
3
™
c‘f’
o
o
§
. 0w
—
o,
*®
?

g )
one has nemed nrimary Nill be the edges

2=t

urlterlon)for determfniao the~pe°itiﬂn

'af fhe rotated axes is to maximiye the numbe; of zero 1oad--

i

u{nbs.l No» nll batterles can be transformed into simpla struc—

ture but\ir 1t can be att ained then Thurstone be&ieves that

t‘e ;actors wil¢ ‘have psycholoﬁical SiénifiCEHCG and certain

~

insist oa: ortho, ona‘ity after rotation; that is, he permrté

the factorg to-be correlated. The ather pbint ,of difference- "~

betﬁg&n °im91 tétructure and, other methods of L&Ctorln\'ls
that thefe can. ve no éeneral zactor. S If there is a ‘general
factor it Wll7.§?393r in the correl.yions betwean the factors”

foupd by aimole structure.

-Articlgs:oh simple étrpcture and oblique'factors: -CAttell ;

_(19&6 1970, 19492), gattell and Tiner (1519), Harris
and hnoel (IQLB), Holzinger {(1947), Re}uurn anﬂ Raath
(1545), Sgu@derg 11?ﬁ91aaThomsan ( 93 ) 19&9), .

Thurstone (1ghée), Yela (1949).

”inyarian.eﬁnﬁgnartiegtjthJisjvlearfthg ATk rstone--doeg nob T~ T 7
: , e 5 ) .
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2) ‘Maxiﬁum iikslihood solution,
E : - xhe maximum : 11kelihood solut;on was given first by
o Girshick ‘and later by Lawley (1940). Both Girsnick and
" Lawley assumed that the X!'s and a's were igdependent and.
B o nOrméliy distribﬁted. 15“3 Second paper;'Lawley gives the
" oy sc;ution unaer nne assumpu:ons that the a'S"but"not neces-
‘sarily the X's Tare. indﬂpendenu random varlables, normally. |

‘ldistributed with common vaviance.‘ ‘This is thedrét;éﬂlly“perSQ : !‘”;**f*

cr ““ﬁticles on the maximum 11kelihood “tolutiony Enmett (1949b)s - -
Sl T j e S o -L_- L..,_‘l.

. Girshick (1936) Lawley (19&0, 19u1, 19u3a, 1950), E P ij-f "g‘

. ‘ : i
1&~Yb¥n6,(l9h14q”f ,_‘ini’ R [

I n . v aee=m o

7

%fﬂﬁﬁ ,,:iff,ggt;%g,,mlg,Annroximatbbn to a matrix by one_ of lower raAke~

“There. ha?paﬁeen some iu“erestinc p&pers -on this subjacc'

’f;f#7"&‘*f‘9“*wn1cn have trea ated the ma@hwm tical pﬂcte ef mntriz ep=" -

L o K |
s proximaticn with an 1ndication of how thc solutions apply»ﬁo

the nroh]em 6/ facbor &naly515-‘i;“f;’j B
o -Artlcles on bhe approximation of a matrix. Eckart ‘and Young h N
\\.\ E ) . ) N

| ) ! ‘;936), Guttman (}9#@), Householder ‘and Young (193%). ST
' ) . ; - ) _ :{ouns_, (193?)‘ i'.;'/f-/':, T ' ~;//«//» ] . | . - , k s .

'. W V /

h) Inverted Iactor technlques..-“

EY

Stephenaon who wasg: interedced in thi 1solat ﬁ'pf”perébﬁ-
I . /|l 7 ) i '
' allty traits suugested the ude ;of xisting techniques of factor.

N :
Vi | ;. €

;, o _ analysis to study the corre‘amiuns betwaeﬂ individuals rather

e bhan ﬁests. Thus inSBe&d of thé ususl correlatlion table ‘,

7\ - 3 : o B 4 T RN

4 ) . ” "
e e Tme L e B .
! . L " oo - N




involving the correlatlons bstween testﬁ; we would have 8
correlation -table invOlving aorrelatjons betWeen persons. The

factors of such a correlat*on matrix would be’ types'or indl-

l z
viduals rather than traits of personality. Stephenson atm.
, tacned the label of inverted Factor aohnique to this process,
: Burt advocaues the principle that L&GtOPS should be thosen -
Co  : ".80" that-the s mne veﬂL1ts ;are given whether wa annlyse tests f
’“_*?"‘ji*mff—¥éérpep sona mithgthe faetoré\and 1oadings o; the one aﬁalysis i j
being the loadinﬁs and_factors Qf the other. ' , 7 f\éé:xT
LT ’ = _— ir . - 5 R {
o - — e . \ S LT ]
e e Arbiclus on the inverted faetsr=% ehniqu-,g,aurt (193]‘”i938)n‘ﬂ;7% e
TS T - T { ST
T Cattell and Rhymer (l9h7), Peel (l9h6) Sandler (19&9) B
“Q":" Stafford and Hsu»(l9+!) Stephenson (1936&). f _— “ o o “
- 77”; T - \,a~ T e w“?'f-—u.e»nf'i2,};\;_;; J\__;; RV o __5_‘_ N
[ . ! _. _ « ’ ¥‘,{z“
e - T T e e _ o L ~\*\\_«l 1 )
/r)l\ . W i N ) ; -
. «f ( — {
N i
' i
| i :
’ h I :
0 . " 'N—‘f
i £
7 ! . g,
Lo p
i i I i ) , S
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- . SECTICN 5
Computational Procedures :
~y IR ;
by e T : - N ’:1 Y - H
' " Since dny dlscussion of procedures would be “long and .
: "7 7 tecnnical, pertinent "pa'pérrar e-1isted “withon C““ent- e
S o IR o e
W . . e N W
\ - : ea e T S S . = . -
e dptdeless - - o 0 T ey ,¥'~—71—;h e

.[«““1,;TWE)i,OﬁiﬁéEEix“fhédiy. Aitﬁen (193 2, b)fAlbert (1944, b),

T Dwyer (1941), Etherlngtbn (1532), ‘Frichter. (1949),

!
Hote111ng (1943& b, 1949) Ledermann (1936 l937a,
i . o 1937b~ E§§8b 19 ) 1atef' 71?9573, Waﬁgh_ and - g

Dwye" (1945) Young and Hougaholder (1938).

- o b) Qn 1teratlve and . sjmp&ified orocedures. Adcock v';_:"° 7 ki

(1946), Berry (1945), Flood (1940, Guttman 1%, j/ -

) 1 Holzinger (1@49) Horst (19%/) Hotelling (195J,
'1936b) Kﬁllev and Sal isouly (1926), Luborsky j
y J_and Hornaday 48) 1gh ardsen. (1950), apeavmén{ﬁ “-f }} fé
; "'(1954) Thomson (1936b) Dllman (1944) Van Boven 1j ;V E
»7/’w | (1947), Jaugh (WQAH) 'dhprry (1949) Zlmmerman j
i ER L i

(1946) it .%' - f“" - Co ,
c); On the estimatlon of meutdl facuors" éértlett§1938), 7
- Burt (1044a) Guttman (1940), Guutman éhd Cohen . =~ :él

7 s (1'94.3) Hermar} (1938) Ledermann (19380 193_9‘3-;’ 7
S '!:;;;'; fL'Thpmson 1937, 1038a). : tg'?f'_,-k' i 1?,_-“7lﬂ_i‘; f,: .
| ' 31 t ;
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. SECTION 6- |

' There;ere,othsrlmethods;of analysis

ho 8 cbjectivcs are closelv alli-d +n ractor annlvse

They include tne cluster analysis of Tryon -the" confluence .
enelysis olerisch and the path coefflcjents of wright.
Tryon has a very simple ngtile analysis to detect 51mfl-

'_ari-iss between groups ‘and he also has a ‘more precise but

"a ‘mor 8 labo;ious method which gives however more stable o

‘“tests through his concern with multiple regreSSlon ecuations.‘ h

i Vo

"resultu.u Frisch becaume intere“+Pd An the clusterlng of"

He- wanfed ;-mbe\reasonably certain that, for examlle “the:

,three'variables ‘he Was using to prcdict fourth were nnt ~at

omrthe same s rsight line and that he would not get a cht-
hious plﬂve. Delsporte haslglven a graphlc method For the

location_of group factors, His method'depends,upon the

‘overlapping of confidence intervals dstermined for the

ratios of thé correlation coefficients, There wo@ld seeil
to be some danger that-if the humbéfxéf variables is very

large , the Drobdbiljty of non~-overlap ﬁue purely to errors. _L

‘of chance wouid not. be neglible.-

Related Methods of Analysis - ..i.-

\

W
L)

R I




Articles oﬁ related ﬁethods of analysis: Cattell (lQ%Qb)ﬁ
' Delaporte (1939a, b, 1944, 1946a, b, 1947), Trisch o
4'(1934), Geary'(1948);_Gen¢erelli (19408), Koopmans ‘ '

(1937),* Tryen (1949), wright (1934), Young (1937).
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aﬂerrors of “two- qulte dlflerent

,,have a sample oi n 1ndiv1dua]s from a. finite .or ‘an

) d ixereuces

‘SO O‘ﬂ.

. SuCTION .7

‘Dis@gibutioneTleory,and~Tests of Significance

S i - Lot _ _ e

K -'u

The Vdriablee to e analysea are subject to qamn}in

lnd..) .

P Y o~ _.l_

.Ln "Gné7 1ir b

ST "

Aponulation of indiv1duals and in the second nlacT ’a sample

X

’"of tests” fro? a flnite or- inxlnlte popuxetlon ﬁl EESUS.""

While 1t 1s qulte llkely that the sample of 1nd1v1duals has

o

been rexdomly selected

have been felected with a partchTar p pose.in view and

NS - -'\}. ’

form a random sample of tests.

do not therefon “The q

:1¢mltino d;str utlons of maly of the gLetlstlcs used in .

factor analysis &lp.known, Thus »uheorv has been dev eloped

"(with respect to,xhe roots of the determinantal equation

NI

in the method of principﬂl componﬂntﬂ to the retred

the canonlcel correlation coefficient \and

\ .
Varlous teats of sigaleicance have been devised for
the ranx of a maﬁrlx tne tetrad differenees -and ths

PCbidual vdrlanees. Riersél and Koopmans have done very

-”1nteres?ing work on the iaentifiability of": the variatee.

‘placey '.viv“

ﬁﬁfinite_

::715 quite poesible that'the tests

.......
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Articless _ , o .

a) On distribution theorys 'Imdersgn (1948), Bartlett
| l(1947a, b), Doobd (19§F)r Hsu, P. ie-(19399119413;’
; 1941b, c, 1049), ‘Spearman (1937) :

6?- On tests of signlflgance: Emmett (1935), ‘Hoel (1937

1939), Hotéfling (1933) hlcNemar (1941, 1942),
-'Mosiér (1939), Saunders §1948), ﬁishafﬁwfi§ég)}~"

i ' ‘ "”c) On cnnsistency of the factors Flske (1948) e . - 'i“-i
= — ———— ——— - " f.‘ ——————— BT e "fﬁ-;»’— —— = f!
S e e Harsn (1&401, D;SK (1939) Young @nd deusehalderi : R i
< — ' (1940) e e ‘7 47 ' &,“ o . . ”{%w
s e S -
' a) On. the effect of selection. Aitkenﬁ(l935 1936)
| ,' Cureton and Dunlap (1930) Degan (1048) Lawley y
| <-\\ i
(194jb) Ledermann (1938a 19390) Thomson (1937 B
- :47“ 938c) lhomson “and. Ledermann (193§< Tﬁursfane I
¢945a). : o |
;, i - R “’ﬁ' ji ';; TToT
R I“ el
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I

e 74 «“.1;7 ' - 3.1a+10ﬁ of Factor Analzsi to Oiher

Shna¥el . - e AT

e e Statis$igaluIechnigues;fa-:~ﬂ B T

e LT
: N

:\ngz PP ST —— [ . e emmee _ial - )L,7 e e e e . SR
L
¢ = [ £

-Jﬁ i?f | :fwﬁr, a) Internal andlexternal factor: analeis-“"' " L.-~7 k)

E}{é7iﬁfw %é/v:,- ’ ‘Tho phr ,‘intornal and extornalfaotbfaéalyjig dué!» B g
:;" 'f%ﬂ “to Bartlett exoresses "the ﬂoltrast of. ono tfagsforoaégon 5 e .';‘
;“ibfkf .i‘ ( o; a alngle set of variables into components (internal or P 4 g‘\ §: |
' “;:ijf R factor aoalysis) oo_the transforoat;on of 018 rodp of -ﬁ ?/ - if, “l_ij

var;ablas iuto compohents WJth‘reference Lo an external oY

- crlterlon “namely the other group of var iabJas (external S e

PR ' Hocelling &. most prealctable crlterlon). Bartlett ha

-7 rittnu a. good expository a;;&cle pn thiaashbaeot. Thomson 7
R $.h been interested in- a g}plic tion” 6f the most pié- -
> R dlctablctCLiLerlﬂﬂ with “e? arence to-batteryffeliabiligy. o ,
: drticles on ;nﬁernal and ezternal factor analysis' Baten. ; ;
(1901, Bartlobt (1941, 1948), otolling (1935, 1936a) .. - -
j | Peel (1948), Thomson (1940b, 1947, 1948b) . o
ﬁ_“ . ., b) -Regression "+heory an& factor analysis:
Y - essential difference between mltivle regressdon and .
S i‘actor analv _a is Jin the fact t}mf: mu tip 1:3 egre/s-‘-‘i-n_;,;f 7: —“‘,\"-\ N "ﬁ




is coticerned wzth a denendent variable while there are no

dependent variables in. factor ana?ysis. In botji analyses,

roots of the same; determinantal eguation, so that technioues

: iy’ .
. o i F = . x . .
of one can oftenibe used dn the other. : R
Articles on regression theory and fact;r anglysis: Dwyer
- e (19433, Rao and = -
pa ) /4 o - ‘
§ - --

, Hfector ana1y31s;
. . - /' N
Burt in an expo 1tor; artﬂcﬁe, has’ pointed out the}

‘sim;larltle\ of ana yais of 1rarinnce and//écter ana%yaia.‘

: , - )
SN - Bartlett has given the warnlng that the analogy should not

b i .be puqheo too’ rar.since iactor angTysis creats the’ different

Tz - tests as dlff

"would attempt to tredt them a“l’ in terms‘éu one- "gfiéﬁle.”'

of ‘ . ] //

Articles on apélysis of‘Variancb éﬁd'

?a; }9 S5 ﬁ

ctor analysvs.
2ttt (19 19475 -
tt- (194 /4/a Jy .

. 7 .y_- Bartle

s o o i . o
i . i A -
| / -
IS
A %3
-
S
B
~ 3]
i
H Al
e : \.
, T U o o -
. - I e - = Fem e omea = =
N

one works with,thgfsame matrix of correlations and with the ‘

. 3
i
i
R S

Y w

i

2 ;

a’ o i

i

—— . i
- i

V4 i 1

7 L

| I

/
8
N .
~
N
— -1
X R




Lo :
SIECTION 9.
¢ The Applicstions of Factor Analysis.
vk i

a) The‘militar ncrsonnel. Eifa

?\--“,Lhe itews in the fOllOWLn’ list eltner refer to tha‘

methods. ‘that wer e.ac uelld uucu‘*h Lhe Jlucenent of men dur—

1n& the Tast war o more dirbctly to uhn use of féc%or analy-

nactor anal)sls has been
g 0
quh quite e\ten;_~913 soth in th¢s country ani in Great

Iy .
& N . B e o R : £

"Brltain. e ' e S o 5

sis on da a mrom the arsed foraes.v

. fw e T — T =T ,_‘-,,,,

e ‘ Books.'zuuemep (1947) » DuBois (19) ) _«vsenck (19&1). U S..

1;&0)9 Vernon and-rarr)*(;thv. \ s

C T 4%'7-»-”‘.1..JD,,)@ T

"’;m Art¢ples on applicarion of factor analysis vo mvlitarj personnel~

Lanxs (l9hos, 194/), Burt (iQALo. 19L7b), Burt and ‘Banks

Deener aﬁd ?a;ferty (19h¢@’ Dudek 19&8 ) bindley\and
Andregb (19 9,; uuilford 19&4, 1947 >
“imnerman (l?h?). mchael /l9h9): Raiferty and Deemcv-
(1949), Roff (195 o), Vernon 1946 191,_7& :

Guilford and

dther applicaﬁions.

In this list, ther are, in additlon to the direct appli-

nalvsis. lisuinga which giv@ general metﬂods

-2~ -~ . gations of factor

it
i

) “‘fz_’*“f”‘7idi7), artcr and Dudex (uyh{}» bonposice Iactor analysls——~1i 
AR , smnmary (l')LLS)» Conrey (194‘7 ’ Cettibe (1950): Da’»’is (191“’&‘";_’_—




-
;' E used in practice as céunseling éechniques,_
f ‘Books: Burt (1942), horsn. Wallln, Guttman (1035}, ﬂelLy
? (L91Y), Thorndike, BE. L. (19?4). Thorndike, Re i ?
(19493, , s .
) ~Articles on Q@plications: Andréws’{19h3), Balinski (19&1),':
_ " Brogdan lth), Brodgen end Thomas (19u3)1 Burt (1916,' < .

T RN 198a, 10§ub),“Banhs (1948b), cattell (19h7a, 19h8b), |
50?7*” : _,-T»' -‘Cattell and Wispe (19&8), Chapman (19&8), Clarke (19&0).
; ﬁfzm—;f;_';'?ff_bocmfﬁ‘anu Salte —Tigﬁg}‘ aVidson 4 and Carroll (19&5):f¢ o

o - ;57ng;gr lth), Emmett (1949&), Eysen k and Crown (19h9 \
S ifn"krlanaganﬁxlvjs)v Fruonter (1°h5)a Gage (1947) aoodnan

(190, Gosniell and Schmidt (1@36) Guilfopd (1948); o

D Uu'f,;_V;_\ Halstead (19h5 , Harris (1 9&8&, b), Helliritzsch (19&5), :“_!i_
;“ DT Herdan (19&3)4 Heston 29h3, 10&7] ngig_jlq}g)= Han, L;("
P Eome s, o, 19u8). HSW, E. H.-and Sherman 1?1‘6),‘
i Johes,Fy v‘Hl%B) nes, L '*'(1%9)a'~Klézrh9i;ws o
- f‘“;' o Kleemeler and Dudek (1950), Lovﬁll £2945), mgc raw (&949)’ J“ﬁ, N
? S Merzolf and- Larsen 29457, Nonth (19h9), PaaT (19q9), '“ﬁ{""“f““f**“
7777 a '*._.-Ri"“a-'- ds (19).,.1)o n.uxm.di (19[;_8&*, b))y Roff (}9&_‘7)7 7 B ”
¢ ﬁ{'\‘v”;m’*m;il;éé&y (1924), Sestry (191, s 5. 1 50),_3@;1”9&
_ aad Remmers (19b?), Snederor (1936), Staff of D 0. A.|_,:“
:; T Hf ”; 19&5), Stone (1947), Swinexora (19&9,. Taylor (;9h7)
3 - Thomson (19).0a, 1941),‘Thurstona (196a, b, Thurstcne
_and Thurstone (19&1 ’ Tscuechbelxn (19&@), Vernon (19475,
1949, 9502, b), Wilson and Worce%ter (193h ’ Nittenborn
) N a .(19h5,,i§h9). Nittenborn andlparsen (1744 » Wdodrow (1939,
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ADCOCK, c. Jes 194,6 Simplified factor analysi Occup.,
% ? Paych., 20, 183 198, o ) -
: : -—{AITKEN--- C.y 1935. Note ou~selection from a muiuivarjnfe" .
. :;J‘—QQU—L;iMWi?;fF?::r’ al- ﬁopul&tiqT Proc. maln. Math. Soc.. Ser. 2.. fj;fg
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GATTELL, A. K. 8. (see Cattell, R. B.J._ 0

Simple suructure in relation to zome

o altefnative factorjzations of the personality Sphﬂrﬁ. v “ ;l

\}. £y T

"J. Gen, Psych.. 35,.i225=238. o CL 2 :

E ‘ . Co g
19,7a.
ality fautors.

19475,
in personality.

Psydh., 12, 197 220,
Cblique, secon&-order, and co- operatlve factors
Jo»Gen- PSyCht._BO, 3-220

Phe 1ntebration of ractﬁr analysis with psychology.

,45.

B Y

Confirmation add clarlfication of prlmary perac:n-vﬂl 7 E

o




ol Gk ST YR . “ i i

J. Ed. Psych.. 39, 227-236. ” ' 3 : '3
CATTELL. Rs B., l?;Bb. The prirary personality factors in

women tomyared with those in men. 3. J, Psych., Stat.,

: %, 114-330. _ , “ ) ;
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